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(54) SAFETY DEVICE FOR MOTOR VEHICLE
(57)  In a passenger restraint device for an automo-
tive vehicle, when the relative speed of the vehicle with
respect to a crash object changes as a result of a driving
maneuver of the vehicle performed before a crash, the
actual crash time deviates from an estimated crash time
calculated from the distance and the relative speed of
the vehicle and the crash object. To resolve this, the ac-
tuation timing, actuation rise time and seat belt tension
of a seat belt reeling-in device are varied on the basis
of information relating to a deceleration rate thatis arate
of decrease of the relative speed.
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Description
Technical Field

[0001] This invention relates to a safety device for a
vehicle that improves passenger protection by for ex-
ample reeling in a seat belt when the vehicle is in great
danger of a crash.

Background Art

[0002] Passenger restraint devices have been known
which actuate to restrain a passenger on the basis of
pre-crash sensing. For example in a passenger restraint
device disclosed in JP-A-9-175327 , a seat belt reeling-
in action is started when a time to a crash (available time
before crash), which is the value obtained by dividing a
distance to a crash object by a present value of relative
speed, has become less than a predetermined thresh-
old time set to at least be longer than a minimum time
below which crash avoidance is impossible. In other
words, this vehicle passenger restraint device starts a
seat belt reeling-in operation to restrain the passenger
at a point in time (actuation start time) ahead of an es-
timated crash time by the above-mentioned predeter-
mined threshold time.

[0003] However, with this vehicle passenger restraint
device, there has been the problem that when the actual
crash time deviates from the estimated crash time as a
result of a vehicle-driving operation for avoiding crash
of the own vehicle before the crash, the vehicle passen-
ger restraint device cannot be made to actuate with suit-
able timing.

[0004] Specifically, when as a result of such a vehicle-
driving operation the crash time becomes earlier, there
is a possibility of the crash occurring before the seat belt
has been reeled in sufficiently (before a satisfactory ten-
sion has been applied to the seat belt). Conversely,
when a tension is applied to the seat belt as early as
possible with ample allowance to prevent this kind of
problem, reeling-in of the seat belt occurs frequently in
cases where it is possible to avoid a crash easily by a
subsequent vehicle-driving operation. That is, in seat
belt reeling-in of related art, because in the estimation
of the estimated crash time the vehicle-driving operation
has not been taken into account at all, there has been
the possibility of this problem arising.

[0005] And, in a passenger restraint device of this
kind, after the estimated crash time has passed it is de-
sirable for the seat belt to be slackened, irrespective of
whether or not a crash took place. To this end, after a
fixed time (actuation time) has elapsed from the actua-
tion start time, the seat belt reeling-in device is ordered
to perform a slackening operation.

[0006] However, because a time which goes back by
a predetermined threshold time from the estimated
crash time is set as the actuation start time, when due
to a change in the speed of the own vehicle accompa-
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nying a steering maneuver the actual crash time is later
than the estimated crash time, there is a possibility of
the seat belt slackening operation being started before
the actual crash time. This problem can be solved by
the time from the estimated crash time to the slackening
start time being set long. However, with this kind of so-
lution there is the possibility of giving the passenger a
disconcerting feeling.

[0007] And, a seat belt reeling-in device (passenger
restraint device) of related art is set so that reeling-in is
always executed with a fixed actuation rise time (current
pattern) . However, in cases such as that of an accident
caused by a vehicle suddenly pulling out, it is conceiv-
able that at the stage at which the danger of an accident
is recognized and an estimated crash time is calculated,
already it may not be possible to secure an actuation
rise time adequate for a sufficient tension to be applied
to the seat belt. In cases like this, it is desirable for the
motor of the seat belt reeling-in device to be operated
at full load and for reeling-in of the seat belt to be carried
out at maximum speed. However, when reeling-in is al-
ways carried out at maximum speed, problems such as
the passenger being given a disconcerting feeling and
the consumed electrical power increasing arise.
[0008] Also, in a seat belt reeling-in device (passen-
ger restraint device) of related art, a fixed tension is ap-
plied to the seat belt at all times after reeling-in. Howev-
er, in practice, crash danger situations in which seat belt
reeling-in is carried out include various cases, such as
for example situations not thought to be very dangerous,
situations in which the driver can avoid a crash easily,
emergency situations in which a crash has already be-
come unavoidable and so on. Therefore, in the related
art, when as the fixed tension a maximum tension is al-
ways applied after reeling-in of the seat belt, there will
be cases when the driver is given a disconcerting feel-
ing. On the other hand, when the tension applied to the
seat belt after reeling-in is made lighter, there is the
problem that the necessary passenger protection is not
obtained.

[0009] This invention was made in view of the prob-
lems discussed above, and it is an obj ect of the inven-
tion to provide a vehicle safety device with which it is
possible to realize an optimal passenger protection ac-
tion while keeping disconcerting of the passenger to a
minimum by suitably altering the passenger protection
timing and passenger protection operation in corre-
spondence with changes in the traveling state of the ve-
hicle.

Disclosure of the Invention

[0010] Firstthrough fourth aspects of the invention in-
clude as a basic construction a distance information de-
tecting element for detecting a distance to a crash object
and a relative speed relative to the crash object, a pas-
senger protection element for lightening crash damage
by completing a transition to a passenger protecting
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state after a predetermined actuation rise time elapses
from an actuation start time, and a calculation and con-
trol element for ordering a start of actuation with as the
actuation start time the time at which an available time
before crash that is the time to an estimated crash time
calculated on the basis of the detected distance and rel-
ative speed falls to a predetermined threshold time set
to be longer than the actuation rise time. Consequently,
normally it is possible for the actuation of the passenger
protection element to be completed before the estimat-
ed crash time, and the passenger can be protected at
the time of the crash. And, because the start of actuation
of the passenger protection element is not carried out
until the available time before crash reaches the thresh-
old value time, it is possible to prevent the passenger
being subjected to a disconcerting feeling.

[0011] Also, a vehicle passenger restraint device ac-
cording to the first aspect of the invention is provided
with a deceleration rate information detecting element
for detecting deceleration rate information relating to a
deceleration rate that is the rate of change (rate of de-
crease) of the relative speed. The calculation and con-
trol element corrects the actuation start time of the pas-
senger protection element on the basis of the deceler-
ation rate information. Specifically, when the decelera-
tion rate is high the actuation start time of the passenger
protection element is made later than when the decel-
eration rate is low. Consequently, even when the travel
state of the vehicle changes and the actual crash time
deviates from the estimated crash time, the actuation
start timing of the passenger protection element can be
changed suitably. As a result, an optimal passenger pro-
tection operation can be realized while disconcerting of
the passenger is kept to a minimum.

[0012] Thus, in the first aspect of the invention, the
actuation start time of the passenger protection element
is corrected on the basis of information relating to the
rate of change (rate of deceleration) of the relative
speed of the own vehicle and the crash object. When
various maneuvers to avoid a crash are carried out by
the driver by the actuation start time of the passenger
protection element, the actual crash time deviates from
the estimated crash time. Consequently, the available
time before crash (the time from the present time to the
estimated crash time) and the optimal actuation start
time (the time at which the available time before crash
has fallen to the threshold value time) also fluctuate. In
the first aspect of the invention, because the actuation
start time is corrected on the basis of information relating
to the deceleration rate, an optimal actuation start time
can be set at all times.

[0013] Because the decelerationrate is defined as the
rate of change (rate of decrease) of the relative speed
of the own vehicle with respect to the crash obj ect, when
the deceleration rate is high, it means that the relative
speed is decreasing more rapidly. And if the relative
speed that is the speed difference between the own ve-
hicle and the crash object decreases, the crash time be-
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comes later. Therefore, by the actuation start time of the
passenger protection element being made later when
the deceleration rate is high compared to when it is low,
it is possible for the actuation start time to be adapted
to the actual crash time.

[0014] Avehicle passenger restraint device according
to the second aspect of the invention is provided with a
deceleration rate information detecting element for de-
tecting deceleration rate information relating to a decel-
eration rate that is the rate of change (rate of decrease)
of the relative speed. The calculation and control ele-
ment corrects the actuation stop time of the passenger
protection element on the basis of the deceleration rate
information. Specifically, when the deceleration rate is
low, the actuation stop time of the passenger protection
element is made earlier compared to when it is high.
Consequently, it is possible for the actuation stop time
of the passenger protection element to be changed suit-
ably in correspondence with change in the traveling
state of the vehicle. Accordingly, an optimal passenger
protection operation can be realized while disconcerting
of the passenger is kept to a minimum.

[0015] Thus, with the second aspect of the invention,
the actuation stop time of the passenger protection ele-
ment is corrected on the basis of information relating to
the deceleration rate of the relative speed of the own
vehicle with respect to the crash object. Consequently,
even when various crash avoidance maneuvers carried
out by the driver by the actuation start time of the pas-
senger protection element cause the actual crash time
to deviate from the estimated crash time, it is possible
for an optimal actuation stop time corresponding to that
deviation to be set.

[0016] With respect to this, in a passenger restraint
device of related art, the actual crash time deviating from
the estimated crash time due to the above-mentioned
crash avoidance maneuvers is not anticipated. Conse-
quently, there is a possibility of the problem arising that
the actuation of the passenger protection element stops
before the actual crash time as a result of delaying of
the actual crash time. And when to avoid this kind of
problem the actuation stop time is set unnecessarily
long, the problem may arise that even in a situation
where actuation of the passenger protection element is
no longer necessary that actuation continues. With this
second aspect of the invention, it is possible to eliminate
this kind of problem. In particular, when the deceleration
rate is low, that is, when the relative speed of the own
vehicle with respect to the crash object is still high, be-
cause the outcome of a crash or a crash being avoided
arises relatively quickly, the actuation stop time of the
passenger protection element is made earlier.

[0017] Avehicle passenger restraint device according
to a third aspect of the invention is provided with a de-
celeration rate information detecting element for detect-
ing deceleration rate information relating to a decelera-
tion rate that is a rate of change (rate of decrease) of
the relative speed. The calculation and control element
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adjusts the strength of the protection actuation of the
passenger protection element in correspondence with
the deceleration rate. Specifically, when the decelera-
tion rate is high it makes the protection actuation of the
passenger protection element stronger compared to
when it is low. Consequently, it is possible for the
strength of the protection actuation of the passenger
protection element to be suitably changed in corre-
spondence with change of the vehicle travel state. As a
result, an optimal passenger protection operation can
be realized while disconcerting of the passenger is kept
to a minimum.

[0018] That is, with the third aspect of the invention,
on the basis of information relating to the deceleration
rate of the relative speed of the own vehicle with respect
to the crash object, when the deceleration rate is high it
is inferred that the danger of a crash is greater and the
protection actuation of the passenger protection ele-
ment is strengthened. Accordingly, because it is possi-
ble for the passenger protection operation to be
strengthened selectively in correspondence with the
danger of a crash, a good passenger protection opera-
tion can be realized while disconcerting of the passen-
ger is kept to a minimum.

[0019] A vehicle passengerrestraint device according
to a fourth aspect of the invention is provided with the
calculation and control element adjusts a rise time of the
passenger protection element in correspondence with
the available time before crash. Specifically, when the
available time before crash is short, it shortens the rise
time of the passenger protection element compared to
when it is long. Consequently, the passenger protection
timing and passenger protection operation can be
changed suitably in correspondence with changes in the
vehicle travel state, and it is possible to realize an opti-
mal passenger protection operation while keeping dis-
concerting of the passenger to a minimum.

[0020] That is, with the fourth aspect of the invention,
when it can be deduced that the available time before
crash is amply long from an estimated crash time ob-
tained from a distance and a relative speed or addition-
ally taking into account a deceleration rate, the actuation
rise of the passenger protection element is carried out
slowly. Conversely, when the estimated crash time is im-
minent and itis determined that the available time before
crash is short, actuation rise of the passenger protection
element is carried out rapidly. By this means it is possi-
ble to complete passenger protection swiftly when the
available time before crash, i.e. the time to the estimated
crash time, is not ample, as in cases such as pulling-out
accidents. When on the other hand the available time
before crash is amply long, by actuation rise being ef-
fected slowly, the actuation rise can be carried out with-
out the passenger being disconcerted, and the feeling
experienced by the passenger can be improved.
[0021] The actuation rise time of the passenger pro-
tection element is the time from when the actuation of
the passenger protection element is commanded to
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when the passenger protection element finishes the
passenger protection operation. It is well-known that an
actuation delay of this kind, namely a rise time, exists in
all electrically actuated devices.

[0022] In the fourth aspect of the invention described
above, a deceleration rate information detecting ele-
ment for detecting deceleration rate information relating
to a deceleration rate that is a rate of change (rate of
decrease) of the relative speed may be provided and
the calculation and control element constructed to short-
en the actuation rise time of the passenger protection
element when the deceleration rate is high compared to
when it is low. By this means it is possible for the pas-
senger protection element to be made to shift to an ac-
tuation-completed state rapidly when it is inferred that
the deceleration rate is high and the danger of a crash
is great.

[0023] Other characteristics and valuable effects of
the invention will become clear from the following de-
scription of a preferred embodiment using drawings.

Brief Description of the Drawings
[0024]

Fig. 1 is a block diagram showing the construction
of a vehicle safety device in a preferred embodi-
ment of the invention;

Fig. 2 is a part of a flow chart showing control oper-
ation of a calculation and control part of Fig. 1;
Fig. 3 is the remainder of the flow chart showing the
control operation of the calculation and control part
of Fig. 1; and

Fig. 4 is a timing chart showing change of a com-
mand value of a current supplied to a motor of a
seat belt reeling-in device under the control opera-
tion of the calculation and control part of Fig. 1.

Best Mode for Carrying Out the Invention

[0025] First, the basic construction of a vehicle safety
device pertaining to the first through fourth aspects of
the invention set forth above will be described. A vehicle
safety device pertaining to the first through fourth as-
pects of the invention has a distance information detect-
ing element for detecting the distance to a crash object
and a relative speed relative to that crash object, a pas-
senger protection element for lightening crash damage
by completing a transition to a passenger protecting
state after a predetermined actuation rise time elapses
from an actuation start time, and a calculation and con-
trol element for ordering the start of actuation when an
available time before crash that is the time to an esti-
mated crash time calculated on the basis of the detected
distance and relative speed falls to a predetermined
threshold time set to be longer than the actuation rise
time.

[0026] As the distance information detecting element,
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a radar type distance measuring device that emits elec-
tromagnetic waves, sound waves or laser light at the
crash object and receives the reflected waves and cal-
culates a distance from the time from emission to recep-
tion of the waves, or an image pickup type distance
measuring device that picks up an image of the crash
object and processes the image to calculate the dis-
tance can be employed. Because the distance measur-
ing devices of this kind are well known, detailed descrip-
tions of the devices are omitted. The relative speed can
be computed from difference information of periodically
obtained distance information. It is desirable for known
FMCW (Frequency Modulation Continuous Wave) type
millimeter wave radar to be used as the distance infor-
mation detecting element, because then it is possible
for the distance to the crash object and the relative
speed to be detected simultaneously.

[0027] As the passenger protection element, besides
known seat belt reeling-in devices that apply a prede-
termined level of tension to a seat belt, it is possible to
employ any device that provides a passenger protection
effect during a crash. A seat belt reeling-in device nor-
mally has a motor as means for reeling in the seat belt
and creating a tension. However, as long as the function
of increasing the tension of the seat belt is achieved,
other means may be employed.

[0028] The calculation and control element is provid-
ed in the form of an ordinary microcomputer unit. How-
ever, to make the control operation high-speed, special
computing circuits and memory circuits may alternative-
ly be added. Or, the calculation and control element may
be made up of a dedicated digital logic circuit. The cal-
culation and control element calculates an estimated
crash time or a signal logically equivalent to that (for ex-
ample an available time before crash) on the basis of at
least a distance and a relative speed. Also, the calcula-
tion and control element determines on the basis of the
estimated crash time or equivalent signal whether or not
the time to the estimated crash time (the available time
before crash) has reached or fallen below a threshold
value time. When it determines that the time to the es-
timated crash time has reached or fallen below the
threshold value time, the calculation and control ele-
ment commands the passenger protection element to
perform a passenger protection operation for at least a
fixed time. The threshold time must be set to be at least
longer than the actuation rise time from when the actu-
ation of the passenger protection element starts to when
atransition to the passenger protection state completes.
And the above-mentioned fixed time for which the pas-
senger protection element performs the protection op-
eration is of course set so that the protection operation
finishes at least later than the estimated crash time es-
timated at the time when the passenger protection ele-
ment was commanded to start actuating.

[0029] It is also possible to make the own vehicle a
reference point (origin) in time-space and predict from
the travel history of the crash object a subsequent rela-
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tive locus of the crash object and to compute the time
at which this relative locus reaches the reference point
as the estimated crash time. This time-space is ex-
pressed with two distance dimensions x (for example
the vehicle forward direction) and y (the vehicle left-right
direction) and a time dimension t. In the time-space with
the own vehicle as a reference point, the distance to the
crash object is shown as the distance from the reference
point (origin) to the coordinate point of the crash object
in the x-y plane, and the relative speed is expressed as
a differential of this distance. In other words, of the ve-
locity components in the distance directions, that is, the
relative velocity vectors of the crash obj ect in the x-y
plane, the relative speed is expressed by the vector
components in the direction toward the origin.

[0030] The deceleration rate in the invention essen-
tially means the differential of the relative speed, i.e. the
actual second differential of the distance or a quantity
having a positive correlation with the second differential
of the distance. This deceleration rate constitutes infor-
mation relating to the deceleration rate in the invention.
However, the calculation of the distance measurement
and the relative speed by the distance information de-
tecting element sometimes may take time. Because of
this, alternatively a vehicle-driving operation of a driver
(driving control quantity, or a change therein) having an
effect on the speed component in the direction connect-
ing the own vehicle and the crash obj ect, or a vehicle
state arising as a result of that (a state quantity of a ve-
hicle-driving apparatus, the acceleration/deceleration
state of the vehicle, or a change therein) may be detect-
ed with some sort of vehicle-mounted sensor, and this
then used as the information relating to the deceleration
rate. In this case, because information relating to decel-
eration rate is acquired on the basis of the vehicle-driv-
ing operation of the driver carried out before the crash
to avoid the crash or lighten the crash damage, the nec-
essary information can be obtained with good response.
[0031] Specifically, the deceleration rate information
detecting element may be an element including at least
one among a brake depression sensor for detecting the
depression amount of a brake pedal, a vehicle-mounted
brake pressure sensor for detecting a brake pressure,
a vehicle-mounted acceleration sensor for detecting the
deceleration rate of the own vehicle, a vehicle-mounted
yaw rate sensor for detecting a yaw rate, or a vehicle-
mounted steering angle sensor for detecting a steering
angel signal. Also, the deceleration rate information de-
tecting element may have an accelerator pedal depres-
sion sensor for detecting the depression amount of an
accelerator pedal, or a throttle angle sensor for detect-
ing the angle of a throttle valve.

[0032] For example, when a braking operation is car-
ried out the deceleration rate changes, and this can be
detected from the depression amount of the brake ped-
al, the brake pressure, the deceleration, or changes in
these. And when a steering operation is carried out, be-
cause the forward direction of the own vehicle changes,
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the deceleration rate, which is the rate of change of the
relative speed in the distance direction, changes. This
steering operation can be detected from the yaw rate or
the steering angle or changes in these. Also, an accel-
erator pedal operation causes the own vehicle to accel-
erate or to be slowed down by engine braking, and so
change the deceleration rate. This change in decelera-
tion caused by an accelerator pedal operation can be
detected from the accelerator pedal depression amount
or the angle of the throttle valve or a change in these.
[0033] If actuation timing control and actuation level
control of the passenger protection element are carried
out on the basis of a vehicle-driving operation of the own
vehicle or a vehicle state arising from that detected by
means of vehicle-mounted sensors, for example com-
pared to a case of carrying out differential processing to
the relative speed, the response is better.

[0034] Next, a preferred embodiment of a vehicle
safety device according to the invention will be de-
scribed. Fig. 1 is a block diagram showing the construc-
tion of a preferred embodiment of a vehicle safety de-
vice. This vehicle safety device is made up of a distance
sensor 1 corresponding to the distance information de-
tecting element referred to in the invention, a vehicle-
driving operation sensor 2 corresponding to the decel-
eration rate information detecting element, a calculation
and control part 3 corresponding to the calculation and
control element, and a seat belt reeling-in device 4 cor-
responding to the passenger protection element.
[0035] The distance sensor 1 is made up of a camera
mounted on the front of the vehicle body for picking up
a forward view, and an image processor for processing
frame images outputted from this camera at a predeter-
mined frame rate and outputting the presence/absence
of a crash object and the distance to the crash obj ect
and a relative speed to the calculation and control part
3. That is, the image processor extracts from the frame
image from the camera a crash object that is an object
into which there is a possibility of the own vehicle crash-
ing. At this time, if it extracts a crash object, it calculates
the distance to the crash object and a relative speed
from a change in the calculated distance. Then, it out-
puts the presence/absence of a crash object, the dis-
tance and the relative speed to the calculation and con-
trol part 3 in the form of a digital signal. The distance
sensor 1 may alternatively be replaced with another de-
vice having equivalent capability, such as a radar sys-
tem.

[0036] The vehicle-driving operation sensor 2 in-
cludes five sensors: a brake pressure sensor, an accel-
eration sensor, a yaw rate sensor, a steering angle sen-
sor and an accelerator pedal sensor. However, it may
alternatively be made up of one or more of these. Also,
any sensor that detects vehicle driving maneuvers that
change the speed vectors of the vehicle in a two-dimen-
sional space on the road on which the vehicle is traveling
or detect information relating to the results of such ve-
hicle driving maneuvers may be employed. The vehicle-
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driving operation sensor 2 outputs the detected data to
the calculation and control part 3 in the form of a digital
signal.

[0037] The calculation and control part 3 controls the
operation of the seat belt reeling-in device 4 on the basis
of the distance data and relative speed data inputted
from the distance sensor 1 and the information relating
to deceleration rate inputted from the vehicle-driving op-
eration sensor 2. The relative speed is determined as a
change per unit time in the distance, and this calculation
may alternatively be carried out in the calculation and
control part 3 instead of the distance sensor 1.

[0038] The seat belt reeling-in device 4 is made up of
a seat belt reeling-in mechanism, a reversible motor for
reeling in and slackening the free end of a seat belt in
the seat belt reeling-in mechanism, and a current control
device for applying to the motor an electrical current val-
ue corresponding to an input command. Because this
seat belt reeling-in device 4 is already well known it will
not be described in detail here.

[0039] Next, an example of a control operation of this
vehicle safety device will be described. This control op-
eration is executed mainly by the calculation and control
part 3. Fig. 2 is aflow chart showing the control operation
executed by the calculation and control part 3, and the
following description refers to this flow chart.

[0040] First, resetting is carried out (step S100), and
then on the basis of data inputted from the distance sen-
sor 1 it is determined whether or not there is a crash
objectin a crash dangerrange (step S102) . At this time,
when it is determined that there is a crash object in the
crash danger range, processing proceeds to step S104
and reads in distance data and relative speed data re-
lating to that crash object from the distance sensor 1
and reads in information relating to deceleration rate
from the vehicle-driving operation sensor 2.

[0041] The information relating to deceleration rate
referred to in this preferred embodiment means infor-
mation relating to a vehicle-driving operation having an
effect on the deceleration rate or information relating to
a vehicle state arising as a result of such a vehicle-driv-
ing operation. That is, in this preferred embodiment, as
the vehicle-driving operation sensor 2 there are provid-
ed a brake pressure sensor, an acceleration sensor, a
yaw rate sensor, a steering angle sensor and an accel-
erator pedal sensor, and a brake pressure, an acceler-
ation (deceleration G), a yaw rate (vehicle angular ve-
locity), a steering angle, and an accelerator depression
amount read in from the various sensors are used as
the information relating to deceleration rate.

[0042] Next, an estimated crash time is calculated on
the basis of the data read in (S106) . This estimated
crash time is calculated for example by dividing the dis-
tance to the crash object by the relative speed relative
to the crash object.

[0043] Then, itis determined whether or not an avail-
able time before crash, which is the time from the
present time to the estimated crash time, is greater than
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a first threshold value time obtained by adding a prede-
termined time to an actuation rise time, which is the time
from when the seat belt reeling-in device 4 starts actu-
ating to when it creates a required predetermined ten-
sion (S108). If the available time before crash is greater
than the first threshold value time, because it is not nec-
essary to shift to passenger restraint control immediate-
ly, processing returns to step S102. When the available
time before crash is below the first threshold value time,
processing proceeds to step S110 to shift to a prepara-
tory stage of passenger restraint control.

[0044] In step S110, an actuation start time that is the
time going back by a predetermined second threshold
value time from the estimated crash time and an actua-
tion stop time that is the time advancing by a predeter-
mined third threshold value time from the estimated
crash time are calculated. Also, the actuation start time
and the actuation stop time are corrected on the basis
of the information relating to deceleration rate. The time
from the actuation start time to the actuation stop time
corresponds to the actuation time of the seat belt reel-
ing-in device 4. The second threshold value time is set
to be greater than the normal actuation rise time of the
seat belt reeling-in device 4.

[0045] The correction of the actuation start time and
the actuation stop time with the information relating to
deceleration rate will now be described specifically.
[0046] First, concerning the correction of the actua-
tion start time, when it is inferred from the information
relating to deceleration rate that a vehicle-driving oper-
ation having a positive correlation with an increase of
the deceleration rate of the relative speed has been car-
ried out, the actuation start time is delayed in corre-
spondence with the amount of the vehicle-driving oper-
ation and/or a vehicle state amount resulting from the
vehicle-driving operation. For example, the greater is
the brake pressure read in, and/or the greater is the de-
celeration read in, the more it can be deduced that the
deceleration rate of the relative speed has increased
and the crash will be delayed. Similarly, also when a yaw
rate or a steering angle in a direction such that the own
vehicle and the crash object move away from each other
have arisen, it can be determined that the deceleration
rate of the relative speed has increased and the crash
will be delayed.

[0047] Conversely, when it is inferred from the infor-
mation relating to deceleration rate that a vehicle-driving
operation such that the deceleration rate of the relative
speed increases in the minus direction has been carried
out, the actuation start time is brought forward in corre-
spondence with the amount of the vehicle-driving oper-
ation and so on. For example, when the accelerator ped-
al is depressed, it can be determined that the crash will
occur sooner in correspondence with the amount of that
depression. And similarly also when a change of yaw
rate or steering angle in a direction such that the own
vehicle and the crash object move closer to each other
has occurred, the crash will happen earlier.
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[0048] Astheinformation relating to deceleration rate,
not the actual size of the brake pressure, deceleration,
yaw rate and steering angle or the like, but rather chang-
es in those before the actuation start time may be cal-
culated, and the actuation start time corrected on the
basis of those calculated changes. Although the detect-
ed values mentioned above also have a correlation with
the deceleration rate that is the rate of change of the
relative speed, changes in those detected values have
a higher correlation with the deceleration rate. For ex-
ample, when before the actuation start time the brake
pressure has changed in the increasing direction, it can
be presumed that thereafter also increasing of the brake
pressure will continue, and as a result the deceleration
rate will increase. Conversely, even if the brake pedal is
being depressed, if the brake pressure is changing in
the decreasing direction, it can be presumed that the
deceleration rate will increase in the minus direction. Ac-
cordingly, by correcting the actuation start time on the
basis of changes in the detected values mentioned
above, it is possible to make the actuation start time
adapt to the actual crash time more accurately.

[0049] The correction of the actuation stop time is also
carried out in the same way as the correction of the ac-
tuation start time described above. For example, when
the deceleration rate is large compared to when the de-
celeration rate is small the estimated crash time is later.
Accordingly, in the same way as the delay in the actua-
tion start time, the actuation stop time is also delayed.
The delay times of the actuation start time and the ac-
tuation stop time are for example set to be equal.
[0050] Alternatively, instead of the actuation start time
and the actuation stop time being corrected directly, the
above-mentioned estimated crash time may be correct-
ed on the basis of the information relating to decelera-
tion rate and the actuation start time and the actuation
stop time thereby corrected indirectly. That is, the time
going back by the second threshold value time from a
corrected estimated crash time is set as the actuation
start time, and the time advancing by the third threshold
value time therefrom is set as the actuation stop time.
In this case, the actuation start time and the actuation
stop time are shifted by the amount by which the esti-
mated crash time is corrected.

[0051] Or, justthe actuation start time may be correct-
ed by the method described above, and the actuation
stop time may be obtained by adding a predetermined
actuation time of the seat belt reeling-in device 4 to the
corrected actuation start time. In this way also it is pos-
sible to correct the actuation stop time in correspond-
ence with the size of the deceleration rate.

[0052] Afterthat, a start timer for determining whether
or not the actuation start time has been reached is set
to the time to the corrected actuation start time. Also, a
stop timer for determining whether or not the actuation
stop time has been reached is set to the time to the cor-
rected actuation stop time. Then, counting of the start
and stop timers is started (S112) . After that, the actua-
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tion rise time of the seat belt reeling-in device 4 is set in
correspondence with the time to the actuation start time
(S114).

[0053] In this preferred embodiment, to make the de-
scription simple, the actuation rise time of the seat belt
reeling-in device 4 can be set to two levels, an ordinary
time and a short time. For setting this actuation rise time
to either the ordinary time or the short time, the time to
the actuation start time is compared' with a predeter-
mined fourth threshold value time. That is, it is deter-
mined whether or not the available time before crash to
the estimated crash time is above a time obtained by
adding a predetermined fourth threshold value time to
the actuation start time. When the time to the actuation
start time is greater than the fourth threshold value time,
there is more than enough time for the actuation rise of
the seat belt reeling-in device 4 to complete. Because
of this, the actuation rise time is set to the ordinary time.
[0054] In this case, the rate of increase of a current
supplied to the motor of the seat belt reeling-in device
4 (in the reeling-in direction) is set so that the current
increases relatively gently. As a result, the reeling-in
speed of the seat belt is a low speed, and the tension of
the seat belt increases at a relatively low rate of in-
crease.

[0055] With respect to this, if the time to the actuation
start time is less than the fourth threshold value time,
the actuation rise time is set to a short time which is
shorter than the ordinary time. In this case, for example
the maximum current possible is supplied to the motor
of the seat belt reeling-in device 4 from the start of cur-
rent supply. As a result, the current supply to the motor
increases rapidly and the seat belt reeling-in speed is a
high speed, and the tension of the seat belt also increas-
es at a maximum rate of increase.

[0056] The fourth threshold value time mentioned
above is set to a positive value including 0. The reason
for the fourth threshold value time including 0 is as fol-
lows. The actuation start time is set to a time that goes
back by at least a normal actuation rise time of the seat
belt reeling-in device 4 from the estimated crash time.
Therefore, if there is time before the actuation start time,
reeling-in completes by the estimated crash time even
if the seat belt is reeled in at the normal actuation rise
time.

[0057] Instead of the actuation rise time being set to
one of two levels as described above, alternatively it
may be set to any of three levels or continuously. An
example in which the actuation rise time of the seat belt
reeling-in device 4 is set continuously will be described
now. When the time to the actuation start time is equal
to or greater than the fourth threshold value time, the
actuation rise time is set to an ordinary time in the same
way as in the example described above. And when the
time to the actuation start time is less than the fourth
threshold value time, the time difference between the
time to the actuation start time and the fourth threshold
value time is calculated, and the actuation rise time is
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set shorter the greater is that time difference.

[0058] Inthe example described above, the actuation
rise time of the seat belt reeling-in device 4 was set by
comparing the time to the actuation start time with the
fourth threshold value time, that is, in correspondence
with the available time before crash. In addition to this,
the actuation rise time of the seat belt reeling-in device
4 may be set on the basis of the information relating to
deceleration rate discussed earlier. For example, when
a deceleration rate obtained from information relating to
deceleration rate is greater than a predetermined decel-
eration rate a short actuation rise time is set, and when
the deceleration rate is lower than the predetermined
deceleration rate an ordinary actuation rise time is set.
Or, the actuation rise time may be changed continuously
in proportion with the size of the deceleration rate.
[0059] When the deceleration rate is high, the actual
crash time is later than the estimated crash time, but
when the driver carries out a braking operation or a
steering operation such that the deceleration rate in-
creases, the situation is often one in which there is a
high danger of a crash. Therefore, when the decelera-
tion rate is high it is desirable for it to be inferred that
there is a high danger of a crash and for reeling-in of the
seat belt to be completed swiftly in preparation for the
crash.

[0060] When the actuation rise time is set in corre-
spondence with the size of the deceleration rate like this,
processing for setting a final tension of the seat belt in
correspondence with the size of the deceleration rate,
which will be further discussed later, can be preferably
carried out. That is, when the deceleration rate is large
and a large final tension is set, because simultaneously
the actuation rise time of the seat belt is also set to the
short time, the time taken to reach the final tension can
be shortened.

[0061] Next, processing for setting the size of the ten-
sion finally applied to the seat belt on the basis of infor-
mation relating to deceleration rate will be described.
This processing is carried out in a step S116.

[0062] In this preferred embodiment, to make the ex-
planation simple, the final tension of the seat belt reel-
ing-in device 4 will be set to either of two levels. To set
the final tension of the seat belt to either an ordinary
tension (for example half of a maximum tension) and a
strong tension (for example the maximum tension), it is
determined whether or not a deceleration rate obtained
from the information relating to deceleration rate is
above a predetermined deceleration rate Then, when
the deceleration rate is above the predetermined decel-
eration rate, because it can be inferred that the situation
is one in which the danger of a crash is high, the final
tension of the seat belt is set to the strong tension. On
the other hand, when the deceleration rate is smaller
than the predetermined deceleration rate, the final ten-
sion of the seat belt is set to an ordinary tension. When
this approach is adopted, the tension of the seat belt can
be made strong selectively, only when it is estimated
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that the danger of a crash is high. When the final tension
of the seat beltis made the strong tension, the saturation
current value finally supplied to the motor of the seat
belt reeling-in device 4 is made large, and when it is
made the ordinary tension the saturation current value
is made small.

[0063] Whereas in the example described above the
final tension of the seat belt was set to either of two lev-
els, itis also possible for the final tension of the seat belt
to be set to any of three levels or continuously in corre-
spondence with the size of the deceleration rate.
[0064] Next, in step S118, it is determined whether or
not the starttimer setin step S112 has finished counting.
If the start timer has not finished counting, processing
stands by until it has finished counting, i.e. until the ac-
tuation start time is reached. When the start timer fin-
ishes counting and the actuation start time is reached,
processing proceeds to step S120. When the actuation
start time calculated in step S110 is a time earlier than
the present time, because a numerical value (for exam-
ple 0) corresponding to the actuation start time is set in
the register of the start timer in step S112, step S120 is
reached via step S114 to step S118 with an almost neg-
ligible delay time.

[0065] In step S120, current supply control of the mo-
tor of the seat belt reeling-in device 4 is carried out on
the basis of the actuation rise time (current increase
rate) selected in step S114 and the final tension (satu-
ration current value) selected in step S116, and process-
ing proceeds to step S122.

[0066] In step S122, it is determined whether or not
the stop timer set in step S112 has finished counting. If
the stop timer has not finished counting, processing re-
turns to step S120 and current supply control is contin-
ued. When the stop timer has finished counting,
processing proceeds to step S124.

[0067] In step S124, at the end of current supply to
the motor, if the seat belt reeling-in device 4 has a mech-
anism for restoring the reeled-in seat belt to its original
position, current supply to the motor is simply ended.
However, when the current supply simply ending does
not restore the reeled-in seat belt to its original position,
a current for turning the motor in the reverse direction is
supplied to slacken the seat belt, and processing returns
to step S102.

[0068] Current command values to the motor of the
seat belt reeling-in device 4 in the control described
above will now be explained on the basis of the timing
chart shown in Fig. 4.

[0069] The period AT is an initial short full-load drive
period at the start of current supply to the motor. The
period between times t1 and t2 after that is a period of
increasing of the current at a predetermined rate of in-
crease, and in this period the tension of the seat belt
increases at a predetermined rate of increase. Accord-
ingly, the actuation rise time Tg referred to in this inven-
tion refers to the period from the actuation start time ts
to the time t2. And, at the time of maximum current sup-

10

15

20

25

30

35

40

45

50

55

ply of when the actuation rise time has been set to a
short time, a fixed maximum current is supplied from the
time t1 to the time t2.

[0070] When at the time t2 the actuation rise com-
pletes, thereafter current supply control is carried out in
which a saturation current value is supplied to the motor
up to a current stop time te. This saturation current value
is varied in correspondence with the final tension of the
seat belt set in step S116.

[0071] The presentinvention is not limited to the pre-
ferred embodiment described above, and various
changes and modifications can be made within the
scope of the invention.

[0072] For example, in the preferred embodiment de-
scribed above a detected value from a sensor detecting
a vehicle-driving operation of the driver or a state of the
vehicle arising as a result thereof was used as informa-
tion relating to deceleration rate. However, alternatively
of course a deceleration rate can be calculated from a
change of relative speed and this calculated decelera-
tion rate used to perform correction of the actuation start
time of the seat belt reeling-in device 4 and setting of
the actuation rise time and final tension.

Claims
1. A safety device for a vehicle comprising:

a distance information detecting element for
detecting a distance to a crash object and arel-
ative speed relative to the crash object;

a passenger protection element for lightening
crash damage by completing a transition to a
passenger protecting state after a predeter-
mined actuation rise time elapses from an ac-
tuation start time;

a calculation and control element for ordering
a start of actuation with as the actuation start
time the time at which an available time before
crash that is the time to an estimated crash time
calculated on the basis of the detected distance
and relative speed falls to a predetermined first
threshold time set to be equal to or longer than
said actuation rise time; and

a deceleration rate information detecting ele-
ment for detecting deceleration rate information
relating to a deceleration rate that is a rate of
change of said relative speed,

said calculation and control element corrects
said actuation start time on the basis of said de-
celeration rate information.

2. A safety device for a vehicle according to claim 1,
wherein said calculation and control element cor-
rects said actuation start time on the basis of said
deceleration rate information so that said actuation
start time is made later when said deceleration rate
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is high compared to when it is low.

A safety device for a vehicle according to claim 1,
wherein said deceleration rate information detect-
ing element detects at least one of a vehicle-driving
operation of a vehicle driver and a vehicle state re-
sulting from the vehicle-driving operation, and said
calculation and control element obtains the decel-
eration rate information on the basis of at least one
of said vehicle-driving operation and vehicle state
resulting from the vehicle-driving operation.

A safety device for a vehicle according to claim 3,
wherein said calculation and control element calcu-
lates an amount of change in at least one of said
vehicle-driving operation and vehicle state resulting
from the vehicle-driving operation, and obtains said
deceleration rate information from said amount of
change.

A safety device for a vehicle according to claim 3,
wherein said deceleration rate information detect-
ing element includes at least one among a brake
depression sensor for detecting a depression
amount of a brake pedal, a brake pressure sensor
for detecting a brake pressure, a acceleration sen-
sor for detecting the deceleration rate of the vehicle,
a yaw rate sensor for detecting a yaw rate, and a
steering angle sensor for detecting a steering angel.

A safety device for a vehicle according to claim 1,
wherein said calculation and control element cor-
rects said actuation start time on the basis of the
deceleration rate information detected by said de-
celeration rate information detecting element, dur-
ing a time period from when said available time be-
fore crash reaches a second threshold time longer
than said first threshold time to when it reaches said
first threshold time.

A safety device for a vehicle according to claim 1,
wherein said passenger protection element is a
seat belt reeling-in device.

A safety device for a vehicle comprising:

a distance information detecting element for
detecting a distance to a crash object and a rel-
ative speed relative to the crash object;

a passenger protection element for lightening
crash damage by completing a transition to a
passenger protecting state after a predeter-
mined actuation rise time elapses from an ac-
tuation start time;

a calculation and control element for ordering
a start of actuation with as the actuation start
time the time at which an available time before
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crash that is the time to an estimated crash time
calculated on the basis of the detected distance
and relative speed falls to a predetermined first
threshold time set to be equal to or longer than
said actuation rise time, and for ordering a stop
of actuation with as an actuation stop time the
time advancing by a predetermined third
threshold time from said estimated crash time;
and

a deceleration rate information detecting ele-
ment for detecting deceleration rate information
relating to a deceleration rate that is a rate of
change of said relative speed,

said calculation and control element corrects
said actuation stop time on the basis of said de-
celeration rate information.

A safety device for a vehicle according to claim 8,
wherein said calculation and control element cor-
rects said actuation stop time on the basis of said
deceleration rate information so that said actuation
stop time is made earlier when said deceleration
rate is low compared to when it is high.

A safety device for a vehicle according to claim 8,
wherein said deceleration rate information detect-
ing element detects at least one of a vehicle-driving
operation of a vehicle driver and a vehicle state re-
sulting from the vehicle-driving operation, and said
calculation and control element obtains the decel-
eration rate information on the basis of at least one
of said vehicle-driving operation and vehicle state
resulting from the vehicle-driving operation.

A safety device for a vehicle according to claim 10,
wherein said calculation and control element calcu-
lates an amount of change in at least one of said
vehicle-driving operation and vehicle state resulting
from the vehicle-driving operation, and obtains said
deceleration rate information from said amount of
change.

A safety device for a vehicle according to claim 10,
wherein said deceleration rate information detect-
ing element includes at least one among a brake
depression sensor for detecting a depression
amount of a brake pedal, a brake pressure sensor
for detecting a brake pressure, a acceleration sen-
sor for detecting the deceleration rate of the vehicle,
a yaw rate sensor for detecting a yaw rate, and a
steering angle sensor for detecting a steering angel.

A safety device for a vehicle according to claim 8,
wherein said calculation and control element cor-
rects said actuation stop time on the basis of the
deceleration rate information detected by said de-
celeration rate information detecting element, dur-
ing a time period from when said available time be-
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fore crash reaches a second threshold time longer
than said first threshold time to when it reaches said
first threshold time.

A safety device for a vehicle according to claim 8,
wherein said passenger protection element is a
seat belt reeling-in device.

A safety device for a vehicle according to claim 8,

wherein said calculation and control element cor-
rects said actuation start time on the basis of said
deceleration rate information, and calculates said
actuation stop time by adding the corrected actua-
tion start time to a predetermined actuation time of
said passenger protection element.

A safety device for a vehicle comprising:

a distance information detecting element for
detecting a distance to a crash object and a rel-
ative speed relative to the crash object;

a passenger protection element for lightening
crash damage by completing a transition to a
passenger protecting state after a predeter-
mined actuation rise time elapses from an ac-
tuation start time;

a calculation and control element for ordering
a start of actuation with as the actuation start
time the time at which an available time before
crash thatis the time to an estimated crash time
calculated on the basis of the detected distance
and relative speed falls to a predetermined first
threshold time set to be equal to or longer than
said actuation rise time; and

a deceleration rate information detecting ele-
ment for detecting deceleration rate information
relating to a deceleration rate that is a rate of
change of said relative speed,

said calculation and control element adjusts a
strength of a protection actuation of said pas-
senger protection element on the basis of said
deceleration rate information.

A safety device for a vehicle according to claim 16,
wherein said calculation and control element ad-
justs the strength of the protection actuation on the
basis of said deceleration rate information so as to
make the protection actuation of the passenger pro-
tection element stronger when the deceleration rate
is high compared to when it is low.

A safety device for a vehicle according to claim 16,
wherein said passenger protection element is a
seat belt reeling-in device, and said calculation and
control element adjusts the strength of the protec-
tion actuation by changing a tension of a seat belt.

A safety device for a vehicle according to claim 16,
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wherein said deceleration rate information detect-
ing element detects at least one of a vehicle-driving
operation of a vehicle driver and a vehicle state re-
sulting from the vehicle-driving operation, and said
calculation and control element obtains the decel-
eration rate information on the basis of at least one
of said vehicle-driving operation and vehicle state
resulting from the vehicle-driving operation.

A safety device for a vehicle according to claim 19,
wherein said calculation and control element calcu-
lates an amount of change in at least one of said
vehicle-driving operation and vehicle state resulting
from the vehicle-driving operation, and obtains said
deceleration rate information from said amount of
change.

A safety device for a vehicle according to claim 19,
wherein said deceleration rate information detect-
ing element includes at least one among a brake
depression sensor for detecting a depression
amount of a brake pedal, a brake pressure sensor
for detecting a brake pressure, a acceleration sen-
sor for detecting the deceleration rate of the vehicle,
a yaw rate sensor for detecting a yaw rate, and a
steering angle sensor for detecting a steering angel.

A safety device for a vehicle according to claim 16,
wherein said calculation and control element ad-
justs the protection actuation of said passenger pro-
tection element on the basis of the deceleration rate
information detected by said deceleration rate infor-
mation detecting element, during a time period from
when said available time before crash reaches a
second threshold time longer than said first thresh-
old time to when it reaches said first threshold time.

A safety device for a vehicle comprising:

a distance information detecting element for
detecting a distance to a crash object and arel-
ative speed relative to the crash object;

a passenger protection element for lightening
crash damage by completing a transition to a
passenger protecting state after a predeter-
mined actuation rise time elapses from an ac-
tuation start time; and

a calculation and control element for ordering
a start of actuation with as the actuation start
time the time at which an available time before
crash that is the time to an estimated crash time
calculated on the basis of the detected distance
and relative speed falls to a predetermined first
threshold time set to be equal to or longer than
said actuation rise time; and

said calculation and control element actuates
said passenger protection element so as to
make the actuation rise time shorter when said
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available time before crash is short compared
to when it is long.

A safety device for a vehicle according to claim 23,
wherein said calculation and control element deter-
mines a length of said available time before crash
depending on whether or not an available time to
said actuation start time is equal to of longer than a
predetermined fourth threshold time.

A safety device for a vehicle according to claim 24,
wherein said predetermined fourth threshold time is
set to a positive value including 0.

A safety device for a vehicle according to claim 23,
wherein said passenger protection element is a
seat belt reeling-in device, and said calculation and
control element adjusts said actuation rise time by
changing a reeling-in speed of a seat belt.

A safety device for a vehicle according to claim 23,
further comprising a deceleration rate information
detecting element for detecting deceleration rate in-
formation relating to a deceleration rate thatis a rate
of change of said relative speed, and wherein said
calculation and control element adjusts said actua-
tion rise time on the basis of said deceleration rate
information.

A safety device for a vehicle according to claim 27,
wherein said calculation and control element ad-
justs said actuation rise time on the basis of said
deceleration rate information so as to make said ac-
tuation rise time shorter when said deceleration rate
is high compared to when it is low.

A safety device for a vehicle according to claim 27,
wherein said deceleration rate information detect-
ing element detects at least one of a vehicle-driving
operation of a vehicle driver and a vehicle state re-
sulting from the vehicle-driving operation, and said
calculation and control element obtains the decel-
eration rate information on the basis of at least one
of said vehicle-driving operation and vehicle state
resulting from the vehicle-driving operation.

A safety device for a vehicle according to claim 29,
wherein said calculation and control element calcu-
lates an amount of change in at least one of said
vehicle-driving operation and vehicle state resulting
from the vehicle-driving operation, and obtains said
deceleration rate information from said amount of
change.

A safety device for a vehicle according to claim 29,
wherein said deceleration rate information detect-
ing element includes at least one among a brake
depression sensor for detecting a depression
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amount of a brake pedal, a brake pressure sensor
for detecting a brake pressure, a acceleration sen-
sor for detecting the deceleration rate of the vehicle,
a yaw rate sensor for detecting a yaw rate, and a
steering angle sensor for detecting a steering angel.
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